This is a report of three cases of lung anomalies in newborn calves. Although each case had the anomalous organs at a different location, certain features were common to each. The gross morphology was similar in each case. The microscopic structure was variable in degree, but each case had dilated terminal bronchioles and markedly hypoplastic bronchi.
Standard textbooks of veterinary pathology list agenesis, hypoplasia, abnormal lobulation, bronchiectasis, accessory and ectopic lungs, alveolar dysplasia and congenital cysts as congenital anomalies of the lungs. NIEBERLE and C O H R S~~ very briefly described the formation of congenital cysts without reference to a particular species. JUBB and K E N N E D Y~~ stated that congenital cysts were known in dogs and foals.
While reviewing the literature it was noted that a definite relationship seemed to exist between accessory lungs and anomalies of the structure within them. SJOLTE and CHRISTIANS EN^^ and I < O H L~~ reviewed the literature and reported cases of accessory lungs in animals. I located all but four of the articles cited by them.
The reported cases of accessory lungs in domestic animals are listed in Table I . An attempt was made to determine from photographs and descriptions whether or not these cases possessed the anomaly of the bronchi which was found in the cases described in this paper. Twenty-one of the 27 reported cases had this lesion, one probably did and five were not described in sufficient detail to determine if the anomaly were present.
Species did not appear to be important with regard to occurrence of the anomaly, but cattle did predominate. The large accessory lungs usually led to dystocia and stillborn calves. The smaller one-lobed defects were compatible with life in other species.
Other reported lung anomalies of domestic animals are listed in Table 11 . These cases require some discussion in order to clarify the lesions which were present.
R U B A R T H~~
recorded lung anomalies in 11 animals out of a total of 8,500 autopsies. Four cases of lung hypoplasia in bovine fetuses were described. A case of unilateral hyperplasia was described in an equine fetus. The right lung was twice as large as the left, lobulated like a bovine lung, but was of normal histological structure. Congenital cystic formation in a dog and a horse were described. The canine case involved only the right cardiac lobe of an aged bitch. Alveoli and bronchioles were dilated and islands of cartilage occurred at irregular intervals around the bronchi. The equine case involved the right lung of a five-year-old horse. The left lung was normal, whereas the right apical lobe was very large and separated from the remainder of the lung by a band of connective tissue. The anomalous areas were composed of dilated alveoli and bronchioles lined by cuboidal epithelium. Fibrous tissue separated the dilated spaces. The defect was designated as "hyperplastically, fibrous-cystically metamorphosed apical lobe". Three anomalies of lobulation were mentioned in two dogs and a horse. Ectopic hypoplastic lungs were found along with the heart at the thoracic inlet in a bovine fetus. RuBARTII*~ stated that congenital cystic formation, hyperplasia and most lobular anomalies were one sided in the cases recorded in animals.
Species Age
RUBARTHZ7 referred to the work of R E I S I N G E R~~ and G L U R~ concerning socalled "rudimentary lung section". R E I S I N G E R~~ considered the condition to result from peribronchitis, but G L U R~ considered congenital bronchial ectasis to be the basis of thc lesion. R U B A R T I I~~ reviewed GLUR'S paper and stated that inflammatory processes could not be ignored as a contributing cause to the lesion.
D I E T E R S described a lung lesion which he called congenital bronchiectasis in a healthy five week old calf. The left diaphragmatic lobe contained a surface indentation the size of the palm of the hand, below which was a cavity the size of a man's fist. The cavity was crossed by numcrous bands of tissue. Recognizable bronchi were not present in the cavity. Bronchi in the normal portion of the lung endcd blindly a t the edge of the cavity. Microscopically the strands which crossed through the cavern resembled the walls of bronchi. The irregularly outlined ramifying strands were lined by cuboidal epithelium giving an adenomatous appearance. Remnants of alveoli were present in the walls of these bronchial remnants. The wall of the large cavity was uneven and also lined by connective tissue and bronchial type epithelium. Muscle fibres were uncommon and cartilage was not found. Communication with normal bronchi was not found. The lesion was interpreted as a tumor-like deformity of the bronchial tree. Inflammation was not present.
In the same paper DIETER^ described a case of what he called congenital pulmonary edema in a stillborn goat. The ribs ended freely at their ventral ends because the sternum was absent. The lungs were three times normal size, thus filling the thoracic cavity and had imprints of rib impressions on the dorsal surfaces. The heart was normal. Grossly the lungs resembled a sponge in consistency and were filled with fluid. The lungs were pale in color and parenchymal lobulation was indistinct. The lobes were not separated from each other. The trachea, bronchi and vessels were patent. The predominant histological feature was cavitation which gave a netlike appearance on low power. The dilated areas represented respiratory bronchioles which were lined by cuboidal epithelium and contained very little muscle and no cartilage in their walls. Alveoli were absent or rudimentary. The fluid content was clear.
BALL and G I R A R D~
described two cases of cystic lungs, both involving the right cardiac lobes, as incidental findings in dogs two and eight months old. The affected lobes were pale, ovoid in form and of increased volume. Histologically the bronchi were dilated and lined by cuboidal epithelium; glands and cartilage were aplastic. Vestiges of alveoli were present. The authors did not mention lobulation within the defective lung.
PELLEGRINI~~ described pulmonary cysts in a young calf. There was one cyst on each lung, bilaterally symmetrical on the dorsal diaphragmatic surface, subpleural in position and 8-10 cm in size. Muscle, glands and cartilage were found in the 3 mm thick wall of the cyst. The cavities contained no fluid and were not lined by epithelium. The author considered the lesion to be a bronchogenic cyst.
SEDLMEIER and S C H I E F E R~~ reported an adenomatous hamartoma of the lung of an equine fetus. The normal lung was 17 x 8 x 6 cm in size and the affected lung (the right) was 25 x 15 x 11 cm and distinctly lobulated. The histological structure consisted of cavities larger than normal alveolilined by a layer of cuboidal epithelium. The cavities were at least partially filled by papilliform growth from the sides. Interalveolar connective tissue was increased. The spaces were thought to correspond to bronchial branches, but differentiation was poor. Cartilage and glands were absent.
Review of the Development of the Lung
A description of the early embryology of the calf's lung could not be located. FLINT^ described the development of the lungs in the pig embryo. The parts of FLINT'S work relative t o the subject at hand will be reviewed. In the 3.5 mm pig embryo, the anlage of the mesodermic portion of the lungs was formed by two irregular projections into the coelomic cavity with the right being larger than the left. The mesoderm was richly cellular. At the 4 mm stage the pulmonary anlage began to branch into the two main bronchi at the distal end. At 4.5 mm the pulmonary anlage was starting to separate from the head gut and was no longer a groove, but now a separate structure. This process was nearly completed at 6 mm with the trachea and esophagus communicating only at the upper end. At 7.5 mm, the ends of the bronchi formed lung sacs by a budding process. The coelom gradually encircled the lung sacs and the adjacent mesoderm. Between 7.5 and 8.5 mm the first bronchus to form from the main stem bronchi began to bulge from the right bronchus, followed soon by another bronchial bud on each side. The mesoderm was still very uniform in cellularity. Formation of the bronchial tree continued in a rather set pattern by a process of budding with the main groups of bronchi being lateral, medial, dorsal and ventral. These branches all formed directly and independently from the stem bronchus and not from each other. There was considerable variability in the numbers of each type of bronchus present. The pulmonary arteries and veins were situated in specific positions with respect to each type of bronchus. At the 10 mm stage bulges of mesoderm were apparent over the newly formed bronchi. These swellings became attenuated to eventually form lobes of the lungs. "In the pig then, we have a series of primary projections limited by a series of fissures, some of which give rise to the permanent pulmonary lobes. These projections and fissures which take part in the lobe formation in the pig, it is well to observe, are the first to form, but in other animals these same conditions do not appear to obtain."
The mesoderm around the bronchial buds remained very cellular close to the bronchi, but began to form fibrils and be less densely cellular further from the bronchi. At 13 mm a reticulated membrane of spindle cells had formed around the large bronchi. This membrane was the precursor of the muscular layer. The mesoderm became fibrillar and at 30 mm was mainly loose connective tissue. Lymphatics were present at the start of the largest bronchi but had not grown into the lung parenchyma. At 5 cm the lymphatics had grown into lung substance following the main bronchi very closely. The bronchial epithelium in the larger bronchi was two or three ceIls thick, narrowing to one cell in the smaller bronchi.
At 7 cm, the spindle cells forming a circle around the bronchi were grouped to form muscle. Just outside this area islands of cells formed precartilage and later the cartilage of the bronchial rings. The lymphatics which ran with the larger bronchi for some distance had now left this relationship and ran in a plexiform manner midway between the bronchial tubes until they reached the pleura. The lung was now lobulated with the lymphatics on the outside and bronchi on the inside of the lobule. Valves were present in the lymphatics at this stage.
The bronchi continued to grow in a centrifugal manner in the 13 cm pig embryo. New lobules formed which did not yet have the peripheral lymphatic network. The connective tissue framework of the lung was noticeably increased. The epithelium of the bronchi formed longitudinal folds. The epithelium of large bronchi was more than one cell thick, but gradually was reduced to one columnar cell and later to a cuboidal type cell at the very periphery. The lymphatics were thicker walled and more accentuated than at previous stages. Between 13 and 19.5 cm, cilia formed on the bronchial epithelium and goblet cells were apparent. The lymph glands started to form at 12 cm. At 19 cm, goblet cells were very numerous in the lining epithelium of large bronchi. Invagination of the bronchial epithelium formed glands. The glands contained serous and mucous cells and extended to the muscularis or below to the cartilage rings. The ends of the bronchial tree had started to dilate. At 22 cm, these end buds had widely dilated lumina which caused compression of the connective tissue between them. The respiratory bronchioles and alveolar ducts were not apparent. The alveoli were present at 27 cm but became distinct at birth. The connective tissue between alveoli was gradually more compressed. The muscle layer gradually extended along the bronchial tree until in a half grown pig, muscle occurred up to the opening of the alveolar duct.
Description of Cases
Case I: (M 6831) This lung was removed from the abdominal cavity of a full term calf during an embryotomy from a four-year-old Guernsey cow. The exact location and relationship of the lung were not determined. Only the lung was submitted for examination. The calf was alive prior to embryotomy.
The specimen was a disc shaped mass 3 5~3 0 x 1 0 cm and weighed 4.45 kg. All of the mass with the exception of an area about 8 cm in diameter was covered by a membrane which resembled pleura or peritoneum. Lobulation of the mass was moderately distinct as observed through the outer membrane. On cut surface the lobules ranged from 2 cm by 2 cm up to 4 by 8 cm with the confirmation ranging from rectangular to triangular (Fig. 1 ). Tubular structures penetrated to the center of the mass and branched towards the periphery. The mass was pink, firm and rubbery, being softer than normal bovine mammary tissue, but firmer than normal lung.
In a histological section through the bronchi the epithelium was transitional in type, ciliated and up to three cells thick. A heavy band of smooth muscle surrounded the epithelial layer and a layer of collagen was present outside the muscle layer. Longitudinal folding of the bronchial mucosa was minimal or absent and isolated foci of cartilage were situated beside some larger bronchi (Fig. 2) . Most of the air passages appeared to be dilated respiratory bronchioIes (Fig. 3) . There was very little gradation between these structures and the largest bronchi. The dilated respiratory bronchioles gave the tissue the characteristic histological appearance. The epithelium of the respiratory bronchiole was cuboidal, non-ciliated and one cell thick. The epithelium was surrounded by muscle and collagen. The alveolar ducts and alveoli appeared normal as did the arteries and veins. Lymphatics were present around vessels, bronchi and between lobules, but were not prominent.
This case was diagnosed as an intra-abdominal accessory lung with bronchial hypoplasia. Case 2: (M 8443) A dead full term Holstein calf was delivered by caesarian section. A mass 24 x 26 cm in diameter was located beneath the skin partially under the right shoulder and just outside the thoracic inlet. The mass had been removed by the clinician who reported that it peeled out without difficulty. The mass was attached near the thoracic inlet by blood vessels and a large duct which ramified into the parenchyma of the mass. The duct did not connect with the esophagus or trachea.
h membrane similar in appearance to pleura covered the mass.
The outer and cut surfaces were pink in color. Lobulation was very distinct (Fig. 4 ). Fluid oozed from the cut surface.
The thoracic viscera appeared normal as did the remainder of the carcass. illthough autolytic changes were rather pronounced in this case, the air passages of the lung appeared less developed than the other two cases reported in this paper. Much of the epithelium had become detached from the air passages. The largest bronchi had transitional epithelium while the respiratory bronchioles had a one-cell-thick cuboidal lining epithelium. Smooth muscle was situated under the epithelium of the largest bronchi. This smooth muscle was very pronounced so that where the epithelium had detached, some difficulty was encountered in differentiating bronchi from large arteries. Goblet cells and submucosal glands were absent. Longitudinal folding of the bronchial mucosa was minimal. Nests of cartilage cells were sparse in distribution (Fig. 6) .
The dilated respiratory bronchioles were the main histological feature. The alveoli were poorly developed or absent. Thus only connective tissue appeared to separate many respiratory bronchioles.
The walls of the respiratory broncliioles were quite thick and were composed mainly of connective tissue, but did contain smooth muscle. Cilia were not apparent in any of the air passages, hut this may have been due to autolysis.
The blood vessels appeared normal. J,ymphatics were present in their normal location and were not widely dilated. The lobules were rather widely separated by loose connective tissue.
The diagnosis was accessory subcutaneous lung with bronchial hypoplasia. The trachea decreased in diameter at the thoracic inlet. At the bifurcation of the trachea, the main bronchi were less than 1 cm in diameter. The lungs were voluminous and appeared to fill the thoracic cavity. The right lung was larger than the left (Fig. 5 ). The pleural surface and cut surface s e r e pink in color. The consistency was firmer than normal lung and had a rubbery texture. The cardiac and apical lobes of the left lung were separated from the diaphragmatic lobe by a broad band of connective tissue. The lobes of the right lung were not separated. The cut surface revealed an extreme edema and fluid flowed from the tissue. The lobulation was pronounced on the pleural and cut surfaces. There was a noticeable lack of large air passages throughout the lungs although those present were patent.
The liver had an irregular surface especially on the anterior dorsal surface. The surface of the liver was mottled light and dark, but was generally lighter than normal in color.
The spleen was about twice normal size. Edema of the mesenteries was pronounced. A 2 cm cyst was present in the mesentery at the attachment of the round ligament of the liver and a 5 cm cyst was present between the liver and right kidney. Recent hemorrhage was situated behind the right kidney. The spinal column was completely separated at the level of L1 presumably as a result of trauma during the dif5cult delivery.
The largest bronchi were not sectioned. The epithelium of bronchioles was cuboidal to low columnar in shape and ciliated (Fig.  7) . The cytoplasm of many individual cells appeared clear. Longitudinal folding of the mucosa was present, but was less than normal. 1,ayers of muscle and collagen surrounded the bronchioles. Cartilage rings were not apparent ( Figs. 8 & 9) . Ciliated, cuboidal epithelium one cell thick lined these structures. Gradations between the respiratory bronchioles and the large bronchi were not pronounced. Muscle was present but not accentuated around the respiratory bronchioles. Alveolar ducts, alveoli and blood vessels appeared normal. Lymphatics also were in their normal positions, but were not widely dilated.
Histologically the liver had a light diguse increase in connective tissue which involved all parts of the lobules uniformly with perhaps the greatest amount of connective tissue being around central veins. A The cord pattern of liver cells was partially disrupted. The connective tissue was more obviously increased near the capsular surface. These findings were verified with a Van Gieson stain.
The diagnosis was bronchial hypoplasia.
Discussion
The three cases of pulmonary anomalies described have several features in common. The pink color, the distinct lobulation, the high fluid content and the rubbery consistency were gross characteristics common to each. Microscopically, the salient common lesions were dilation of bronchioles and apparent hypoplasia of bronchi. The development of alveoli was variable among the cases. The alveoli and alveolar ducts were readily identifiable anatomical structures in cases 1 and 3. The dilated structures connecting with alveolar ducts have been arbitrarily designated as respiratory bronchioles because of this anatomical relationship even though some contained muscle in their walls. These structures could as well be described as terminal bronchioles since there was little gradation between large and small bronchi and bronchioles. The term hypoplasia of bronchi was used to denote the underdeveloped state of the walls of the air passages compared to the normal. According to the literature, the pattern of lesion described in animals in the above cases was associated with an accessory lung. The two cases of accessory lung described in this paper conformed to this association. The only other report besides case 3 described above, in which lesions involved both lungs within the thoracic cavity, was DImxR's case in a goat. DIETER^ described the case as congenital pulmonary edema, but his description indicated that bronchial hypoplasia was present. His histological findings also corresponded very closely with the cases described here.
Only part of one lung was involved in several of the other cases reported in the literature. The fibrous band which connected the anterior region of the left lung to the remainder of the lung in case 3 was probably very similar to the band of tissue in a similar location in the five-year-old horse described by R I X A R T H~~.
Probably the basic lesion in this anomaly was the defective bronchial formation. All of the reports of cases of accessory lungs in the literature were examined to find out if the bronchial defect were present. Of the 27 reported cases listed in Table I, 21 had the lesion with one other quite probable. Five were not described in enough detail and lacked photographs, so that a comparison could not be made.
Other anomalies in part or all of normally situated lungs are listed in Table I1 and are not concerned with accessory lungs. The cases which have the basic bronchial defect similar to that in the accessory lungs were the old dog and the five-year-old horse described by RUBARTHz7, the two canine cases reported by BALL and GIRARD~, the right lung of the equine fetus described by SEDLMEIER and SCHIE-F E R~~ and the goat reported by DIETER5. The so-called congenital bronchiectasis reported in a calf by PELLEGRINI~~ and the lesion in the calf reported by DIETER5 may well have been basically the same as those described above, but involved segmental bronchial defects in lesser areas than a whole lobe.
Several authors referred to UJIIE'S paper32 describing congenital bronchiectasis in a tapir, but DIETER^ is the only author to discuss the paper in detail. The tapir had been chronically ill. The lesions were confined to the apical lobes and consisted of necrotic foci lined by inflammatory cells, including Langhans' giant cells. One bronchial lymph was enlarged and contained yellowish foci. DIETERS stated that UJIIE'S case32 was not a congenital lesion but was, in his opinion, tuberculosis. I would agree that the lesion described by UJIIE was inflammatory in nature.
RUBARr'HZ7 stated that three apparent anomalies described by GLUR could be inflammatory in nature. An examination of GLUR'S paper lends support to RUBARTH'S opinion. The lesions were in cows, at least one of which had experienced clinical respiratory disease. The descriptions and the photographs suggest chronic bronchitis and bronchiectasis with hyperplasia of alveolar and respiratory bronchiolar lining cells mixed in fibrous scar tissue.
Certainly the possibility exists as mentioned by SELLORS3O that inflammatory lesions superimposed on a congenital bronchiectasis could produce a confusing situation. In such cases it might be impossible to decide if a hypoplasia had actually existed prior to the onset of inflammation.
MILLER^^ described the air passage systems of amphibian, reptilian, avian and mammalian lungs. In comparing the cases described in this paper to the normal lower vertebrate forms, it appeared that atavism was not a factor in the development of the anomalies.
A re-examination of FLINT'S work6 would perhaps shed light on the origin of the anomaly. It seems reasonable that another tube besides the tracheobronchial tube could pinch off from the foregut of the embryo either in the same area or in front or behind the normal site. Possibly one lung bud could pinch off from the trachea and become transposed to an abnormal location. At any rate such a tube might be able to form bronchi and would likely have mesenchymal tissue around it capable of forming alveoli. The fact that the subcutaneous lungs in the neck region and some abdominal lungs received their blood supply from an area around the thoracic inlet lends support to the suggestion that the original defect occurred in the region of the thoracic inlet. Perhaps other areas of the embryonic entoderm (gut) have the potential to bud off tissue with pulmonary potential and thus give rise to accessory lungs attached to the intestine or anus. None of the anomalous lungs appeared to have pinched off from normal lung, therefore defective closure of the diaphragm was not likely a cause.
FLINT^ stated that at the 13 mm stage a reticulated membrane of spindle cells formed around bronchi. This membrane was the precursor of the muscularis and the cartilage. Probably the defect in the bronchi occurred at the stage of formation of the reticulated membrane. Failure of the membrane to form would cause the muscularis and the cartilage to be deficient, but would not affect the epithelium of the bronchi. This explanation could account for the hypoplastic appearance of larger bronchi.
The origin of the high fluid content in the anomalous lungs was not apparent. Lymphatics were present, but not dilated. Arteries and veins appeared adequate in size and numbers. The accumulation of fluid must have occurred prior to the formation of alveoli. Since the large bronchi were then blind tubes, the weak terminal passages of the bronchial tree would become widely dilated as the fluid increased. This situation could explain the lesion in accessory lungs, yet basically the same lesion including the fluid was present in case 3, in which the bronchi were patent. Thus for every attempted explanation, exceptions are evident.
With regard to the name of the defect, the large number of synonyms indicates the lack of understanding of the lesion. Segmental aplasia of bronchi does occur which allows cysts to form, thus cystic disease of the lungs is permissible. Such cysts seem to be unusual in animals since most cases have a patent bronchial system from the smallest passages up as far as the largest bronchus. It seems most reasonable to use the term hypoplasia of bronchi to describe the basic bronchial defect. Thus a lung with hypoplasia need not be an accessory lung. However, an accessory lung will very likely have hypoplasia of bronchi.
Szlmmaq
The literature on anomalies of the lung in domestic animals was reviewed. Three cases of congenitally anomalous lungs in calves were described. Two were cases of accessory lungs, and one was a case of hypoplasia of the bronchi affecting both normally situated lungs of a calf. Hypoplastic bronchi were also present in the two cases of accessory lungs. The pathogenesis of these anomalies was discussed in the light of what is known of the embryology of the porcine lung. The basic defect was considered in all three cases to be hypoplasia of the bronchi, which can occur either in conjunction with acessory lungs or otherwise.
ZuJammen fas.mng
Es wird eine Literaturubersicht uber die Lungenanomalien bei Haustieren gegeben. Dabei werden drei Falle von kongenitalen Lungenanomalien bei Kalbern beschrieben. I n zwei Fallen handelte es sich um Nebenlungen und im dritten Fall lag eine Hypoplasie der Bronchien vor, die beide normal gelegenen Lungenhalften eines Kalbes in Mitleidenschaft zog. Hypoplastische Bronchien fanden sich auch bei den Tieren mit Nebenlungen. Die Pathogenese dieser Anomalien wird im Hinblick auf das, was uber die Embryologie der Schweinelunge bekannt ist, besprochen. Als grundlegender Defekt wird in allen drei Fallen dieHypoplasie der Bronchien angesehen; sie kann sowohl in Verbindung mit Nebenlungen als auch anderweitig auftreten.
